Introduction
Road traffic crashes are a major social, medical and civilization-related problem. They are one of the leading causes of injuries whose effects may result in permanent impairment of health or even death. In the majority of cases, victims of traffic crashes die of multiple and multiorgan injuries. Furthermore, the gender and age of victims are identified as factors affecting the risk of death in road traffic crashes. In more than 50% of traffic crashes, the fatal victims are people aged 15 to 44. According to the report on health status in Poland, compiled by the National Institute of Public Health, death risk for men is several times as high as for women (the standardized rate for men is 12.4 versus 3.3 for women). Also according to the World Health Organization (WHO) men are more liable to be involved in traffic crashes than women [1] . One factor which significantly influences the increase in the risk of traffic crashes is ethyl alcohol and consequently, a substantial number of crashes involve people under the influence of ethyl alcohol. In such circumstances we can speak of the possible effect of ethanol upon the injury result, i.e. upon the severity of the injuries sustained. Swearingen and coworkers state that the fact of alcohol consumption before sustaining a traumatic injury is the cause of more severe injuries [2, 3] , others emphasize that this result does not directly prove that ethyl alcohol is an independent factor affecting the severity of injuries [2] . Other studies consider the positive effect of ethyl alcohol, pointing out its protective action i.e. milder injuries in people being under the influence of alcohol [4, 5] . There is a greater consensus between scholars about the effect of ethyl alcohol on the severity of head injuries. This effect is described as definitely negative [6, 7, 8] . Therefore, what becomes particularly important is the assessment of injury severity, taking into account various other risk factors, such as, for example, the type and extent of injuries sustained, physiological parameters, the mechanism of injury, any accompanying diseases or the age of the victim. Such an assessment can be conducted on the basis of numerous injury severity scales, including the ones used in this study, i.e. Life Threat Indicator (LTI) [9, 10] , International Classification based Injury Severity Score (ICISS) [11, 12] , Injury Severity Score (ISS) [13, 14, 15] , and New Injury Severity Score (NISS) [16] , which use numerical values to evaluate and assess the consequences of an injury.
Research objectives
The study aimed to assess the level of sobriety and the scale of this phenomenon among fatal pedestrian victims of traffic crashes as well as to evaluate the correlation between the level of sobriety and the severity of injuries expressed in terms of injury severity scales.
Material and methods
The data for the analysis was obtained from the Department of Forensic Medicine (DFM), Medical University of Warsaw. The analysis covered the data for the period of 2009-2013. The most numerous group of fatal crash victims in the Warsaw metropolitan area recorded in DFM death registers in the period were pedestrians [17] , including pedestrians hit by a passenger car [17, 18] . Taking into account criteria such as the mechanism of the injury and age of the victims (�18 years old), 158 pedestrian victims hit by a passenger car were the study. Based on results of toxicological tests confirming the concentration of ethyl alcohol in blood, muscle, and vitreous body, the studied population was divided into a studied group, i.e. victims under the influence of alcohol (�0.2 ‰), n = 114 and control group, i.e. sober victims (0, 0 ‰), n = 86.
For the analysis, the appropriate codes from the International Classification of Diseases (ICD, version ICD-10) [19] were assigned to the trauma mechanism and the causes of death identified based on autopsy reports. Furthermore, numerical values of the severity of individual injuries were assigned to injuries, having been calculated according to the Abbreviated Injury Scale (AIS), version 2005, [20] . The assessment of the severity of injuries was conducted based on numerical scales:
1. Threat Indicator (LTI) which does not limit the number of injuries coded (which prevents the need for selecting the most severe injuries to the body) and takes into account the age of victims and injury mechanism;
2. two variants of the International Classification based Injury Severity Score (ICISS) which take account of 10 and 15 injuries to the body; for this study, they are conventionally referred to as ICISS-10 and ICISS-15 respectively;
3. the Injury Severity Score (ISS), where the assessment is based upon the three most severe injuries to the body in three different body regions;
4. the New Injury Severity Score (NISS), which, unlike the ISS, takes account of the three most severe injuries regardless of the body region, even if they are in the same body region.
In the present study, both the LTI score (which is a modification of the ICISS score) and the ICISS score, were based on the ICD-10 codes, and specifically on the catalogues of risk factors which Nogalski calculated and developed on the basis of the ICD-10 for the population of trauma patients in the Lublin province who were hospitalized between 2003 and 2009 [9, 10] . The ISS and the NISS scores were based on the numerical values expressing the severity of individual injuries, calculated according to the AIS scale. Based on the results obtained, a classification of the severity of injuries (ranges) was developed for each of the scales respectively (Table 1 ). In the present study, the classification was used solely for description. For analysis, the actual, quantitatively measured values for each scale were applied so that the actual results could be taken into account.
The statistical analysis was conducted, taking account of parameters such as gender, age (divided into ranges), place of death (classified as "on the scene" or "in hospital" [within the first 24 hours of hospitalization]), place of occurrence (i.e. the Warsaw metropolitan area, which was divided into the city of Warsaw, the rural parts of the Warsaw metropolitan area and the urban parts of the Warsaw metropolitan area), severity of injuries according to injury severity scales and concentration of ethyl alcohol (divided into ranges). The assessment of the influence of the risk factors upon the severity of injuries measured according to injury severity scales (the LTI, the ICISS-10, the ICISS-15, the ISS, and the NISS) was performed by applying appropriate statistical methods. 
ISS

��
Critical injuries >25
Severe injuries [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] Moderate injuries 10-15
Mild injuries 1-9
The research project was approved and received a favorable opinion from the Bioethical Committee of the Medical University of Warsaw (No. AKBE/112/14).
The statistical analysis methods applied
Standard descriptive statistics (mean values, standard deviations, medians, and ranges) were used in the analysis. The Shapiro-Wilk test was used to verify the hypothesis that the distribution of the analyzed variables corresponds to the normal distribution. The non-parametric Wilcoxon Rank-Sum test was used for the quantitative variables in the comparison of two groups since the distribution of these variables showed deviations from the normal distribution. The Kruskal-Wallis test was used for the quantitative variables in the comparison of several groups. The correlation analysis for the quantitative variables was based on Spearman's rank correlation coefficient. The relationships between the qualitative variables were tested in a set of contingency tables by applying a chi-squared test or-when the expected values in the cells of the tables were not high enough-Fisher's precise test. The value of p<0.05 was considered statistically significant. The acquired data were collected in a Microsoft Excel database of an MS Office 2010. The calculations were made using the SAS v. 14.1. system.
Results
Gender
As a result of the conducted analysis, it was concluded that the fatal pedestrian victims were predominantly male (71.52%), p<0.0001 (Table 2 ).
Age
The sober fatal pedestrian victims were statistically significantly older Me = 57 years of age (range: 18-74) than the victims under the influence of alcohol Me = 48 years of age (range: 18-74), p<0.0001. In the studied group, pedestrians aged 45-54 were the most heavily represented (28.07%), whereas the most numerous age groups within the control group consisted of victims aged between 55 and 64 (27.7%) and between 65 and 74 (27.7%), p<0.0001 (Table 2 ).
Type of injuries
Injuries to multiple body regions were the most common type of injuries in both groups n = 137 (86.71%). Among the victims under the influence of alcohol, they constituted n = 97 (85.09%) while among the sober victims n = 40 (90.91%), p = 0.8993 (Table 2 ).
Place of occurrence
A significant correlation was observed between a given group and a given place of occurrence. For the studied group, the place of occurrence was predominantly the rural parts of the Warsaw metropolitan area (53.51%), while for the control group it was the city of Warsaw (54.55%), p = 0.0011 (Table 2 ).
Place of death
A significant correlation was found between a given group and a given place of death. For the studied group, the place of death was predominantly "on the scene" (78.95%). For the control group, 50% of deaths occurred on the scene and the other 50% in hospital, within the first 24 hours of hospitalization, p = 0.0007 (Table 2 ).
The concentration of ethyl alcohol
The presence of ethyl alcohol was observed in more than 72% of fatal pedestrian victims, p<0.0001. Its concentration was 2.00 ± 0.9 and it was in the range of 0.2-4.4 ‰, with ethanol concentrations in men being statistically higher (2.10 ± 0.8) compared to the women's concentration (1.70 ± 0.9), p = 0.0333 (Table 2) .
Significant correlations were found between the concentration of ethyl alcohol and the gender of the fatal pedestrian victims (p<0.0001). With the increase in alcohol concentration, the number of victims in men is increasing. In women, on the contrary, along with the increase in alcohol concentration, the number decreases (Table 3) . Significant correlations were found between the concentration of ethyl alcohol and the age of the fatal pedestrian victims (p = 0.0026). Then older the victims, the higher the concentrations of alcohol are observed. The range of the age of 45-54 is the limit of this increase. In the case of pedestrians over 54, more pronounced concentrations of alcohol are observed (Table 3) .
Furthermore, a significant correlation was observed between the concentration of ethyl alcohol and the place of occurrence, p = 0.0141. The greatest number of deaths occurred in the rural parts of the Warsaw metropolitan area (45.57%). The majority of these deaths were the pedestrians under the influence of alcohol, whereas only 15.28% of them were sober pedestrians. Taking account of the division of alcohol concentration into ranges, the number of victims in the rural parts of the Warsaw metropolitan area increased together with the increase in the concentration of alcohol in the fatal pedestrian victims (Table 3) .
A significant correlation was also found between the concentration of ethyl alcohol and the place of death, p = 0.0018. The pedestrians died on the scene more frequently (70.89%) than in the hospital (29.11%). The number of deaths on the scene went up together with the increase in the concentration of alcohol in the fatal pedestrian victims (Table 3 ).
Correlations
Correlations in the above-mentioned variables were tested in both the control and the studied group. In the control group, significant correlations between age and results obtained in individual scales were observed, although the strength of these correlations is not large (absolute values of correlation coefficients range from 0.14 to -0.34. Correlations between the scales themselves are also important. Such a combination shows how the values of injuries were similar in particular scales. This allows us to ascertain not only the similarity of results obtained by different scales for individual victims but also the entire structure of injuries in the population under study (Table 4) . In the study group, no significant correlations were found between age and results obtained in individual scales. There was also no correlation between the concentration of ethyl alcohol and the results on the scales. However, correlations between the scales themselves are important, but their strength between the ISS scale and the WZŻ, ICISS-10 and ICISS-15 scales as well as the NISS scale and the WZŻ, ICISS-10 and ICISS-15 scales is weaker than in the control group (Table 5 ).
Severity of injuries
Based on the classification of the severity of injuries according to each of the injury severity scales, it was shown that, as before the age correction, almost all the injuries sustained by the fatal pedestrian victims in both the studied and the control groups were critical. There were no mild injuries in the studied material (Tables 6 and 7 ).
The analysis of the correlations between the ranges of the LTI, ICISS and ISS scales and the type of injuries in the fatal pedestrian victims showed that these correlations were significant (p = 0.0001, p = 0.0008, p = 0.0280, respectively). Almost all critical injuries (according to the scales used) were injuries to numerous areas of the body.
A significant correlation was also reported between the ranges of the ISS scale and the place of occurrence, p = 0.0306. According to the ISS, the highest percentage of critical injuries was observed in the rural parts of the Warsaw metropolitan area (46.21%).
The analysis of the correlations between the ranges of the LTI and ISS scales and the place of the fatal pedestrian victims' deaths also showed that these correlations were significant (p = 0.0276 and p = 0.0229, respectively). According to the LTI and ISS, critical injuries were observed in more than 73% of deaths on the scene.
Since only two of the pedestrians had injuries other than critical ones, no analysis was made for the NISS. 
Discussion
Among the fatal pedestrian victims in the studied material, the gender disproportion was especially pronounced in the studied group, i.e. the group of pedestrians under the influence of ethyl alcohol, in which there were almost four times as many men as women. According to the National Institute of Public Health report of 2015, "the phenomenon of excess mortality due to road crashes in rural areas is distinctive. The standardized mortality rates for deaths caused by road crashes were 16.9 for men and 4.2 for women" [21] [22] [23] [24] . The results obtained in the investigations reflect this trend.
Research into the role of ethyl alcohol in road crashes shows that ethyl alcohol is a factor that significantly influences their occurrence and consequences. The most frequently discussed issue is that of drivers' intoxication [25] [26] [27] [28] . Meanwhile, alcohol is a well-documented risk factor for crashes among pedestrians and intoxicated pedestrians constitute a potential risk to themselves and other road users since even small concentrations of consumed ethanol cause impaired visual-motor coordination, delayed reaction time, equilibrium disorders and impairment of the ability to control one's behavior. According to the legal norms in Poland ) is considered to be intoxicated (state of insobriety) [29] . Sadly, the above-mentioned limits were vastly exceeded among the studied fatal pedestrian victims (0.2-4.4 0 / 00 ). The comparison between the ranges of ethyl alcohol concentration in the fatal pedestrian victims indicates that alcohol consumption in the fatal pedestrian victims was substantially higher among men than among women. The levels of alcohol concentration increased with the increase in the age of the fatal pedestrian victims, but the age of 54 was the limit of the increase. The increase was especially significant in the rural parts of the Warsaw metropolitan area, where the substantial majority of the pedestrians also died on the scene of the crash. This might be caused, among others, by the greater speed of the moving vehicles or to the inferior quality of pre-hospital care. Intensive prevention programs ought to be implemented in these areas so that the safety of pedestrians will be improved. As far as the question about the effect of ethyl alcohol on the severity of injuries is concerned, the conducted analysis showed no significant correlation. It only revealed that pedestrians under the influence of alcohol die significantly more frequently on the scene of the crash and the frequency increases together with the increase in the concentration of alcohol. This, however, might not be the result of the severity of injuries although the injury severity scales used in the research (the ISS, the LTI) do indicate that the more severe the injuries, the more frequently pedestrians die on the scene. It appears that the place of occurrence itself might be significant here since the percentage of the fatal pedestrian victims was the highest in the rural parts of the Warsaw metropolitan area (45.57%). They were predominantly pedestrians under the influence of ethyl alcohol, the sober pedestrians accounted for only 15.28% of the victims. The lowest percentage of the fatal pedestrian victims was observed in the urban parts of the Warsaw metropolitan area (20.89%), where the sober pedestrians accounted for 27.27% of the victims; in the city of Warsaw, the sober pedestrians accounted for 45.28% of the victims. It is worth remembering here that in the conducted research the number of the fatal pedestrian victims in the rural parts of the Warsaw metropolitan area increased together with the increase in the concentration of ethyl alcohol. The consumption of alcohol is, obviously, only one of the many risk factors influencing the safety of pedestrians in rural areas, but-as the results of the analysis indicate-a very significant one. The current speed of the vehicle involved in the incident is also important. It is usually the subject of the investigation of the circumstances of the event whose findings are secret. Although it is known that as the vehicle speed increases, the kinetic energy released during the collision increases exponentially [30, 31] , which increases the risk of death and serious injuries, due to the lack of access to information the actual speed of vehicles involved in the incident could not be the criterion for the impact assessment trauma in the presented study. Probably equally important are poorly lit roads, traffic, time of year or weather conditions.
The calculations concerning the presence of ethyl alcohol in the fatal pedestrian victims of traffic crashes and their age in analysis support the conclusion that the severity of injuries decreases together with the age of victims (correlations), but only in the case of those who were not under the influence of alcohol. According to Brongel, age is a kind of trauma catalyst, affecting each "stage" of trauma. "The less severe the trauma and the older the patient, the greater the influence of age upon the trauma effect. In other words, the older the casualty is, the less severe injury may lead to their death. Therefore, age, like gender, as a risk factor for a crash, is also a »moderator« of its consequences when other demographic factors diminish in importance" [32] . The influence of age upon the outcome of injury treatment is mainly connected with the presence of various age-related diseases as well as with the difference in the response of the organism to trauma, which numerous authors describe and highlight in their works. The influence of ethyl alcohol upon the severity of injuries is an issue widely discussed in the sources. However, the published research results are inconclusive. According to many authors, ethyl alcohol is not an independent factor affecting the severity of injuries. Researchers emphasize the weight of risk factors other than alcohol [2] [3] [4] [5] [6] [7] [8] . The conducted analysis leads to analogous conclusions. The obtained results of the research indicate areas of public health that require the implementation of remedial processes. They point to the problem of intoxication among road users in a wider sense. They point to the need to take action to improve safety and eliminate risk factors, which undoubtedly include alcohol, in order not only to reduce the number of crashes but above all their effects, i.e. injuries and deaths [33] .
